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On the S'ulvasitras.—By Dr. G. Tareavr, Anglo-Sanskrit Professor,

Bondras College.

It is well known that not only Indian life with all its social an1 poli-
tical institutions has been at all times under the mighty sway of religion,
but that we are also led back to religious belief and worship when we try
to account for the origin of research in those departments of knowledge
which the Indians have cultivated with such remarkable success. At first
sight, few traces of this origin may be visible in the S’astras of later times,
but looking closer we may always discern the connecting thread. The
want of some norm by which to fix the right time for the sacrifices, gave
the first impulse to astronomical observations ; urged by this want, the priests
remained watching night after night the advance of the moon through the
circle of the nakshatras and day after day the alternate progress of the sun
towards the north and the south. The laws of phonetics were investigated,
because the wrath of the gods followed the wrong pronunciation of a single
letter of the sacrificial formulas; grammar and etymology had the task
of securing the right understanding of the holy texts. The close connexion
of philosophy and theology—so close that it is often impossible to decide
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where the one ends and the other begins—is too well known to require
any comment,

These facts have a double interest. They are in the first place valua-
ble for the history of the human mind in general; they are in the second
place important for the mental history of India and for answering the
question relative to the originality of Indian science. For whatever is
closely connected with the ancient Indian religion must be considered as
having sprung up among the Indians themselves, unless positive evidence
of the strongest kind point to a contrary conclusion.

‘We have been long acquainted with the progress which the Indians
made in later times in arithmetic, algebra, and geometry ; but as the in-
fluence of Greek science is clearly traceable in the development of their
astronomy, and as their treatises on algebra, &c., form but parts of astro-
nomical text books, it is possible that the Indians may have received from
the Greeks also communications regarding the methods of calculation. I
merely say possible, because no direct evidence of such influence has been
brought forward as yet, and because the general impression we receive
from a comparison of the methods employed by Greeks and Indians re-
spectively seems rather to point to an entirely independent growth of this
branch of Indian science. The whole question is still unsettled, and new
researches are required before we can arrive at a final decision.

While therefore unable positively to assert that the treasure of mathe-
matical knowledge contained in the Lilavati, the Vijaganita, and similar
treatises, has been accumulated by the Indians without the aid of foreign
nations, we must search whether there are not any traces left pointing to
a purely Indian origin of these sciences, And such traces we find in a class
of writings, commonly called S'ulvasiatras, that means “satras of the
cord,” which prove that the earliest geometrical and mathematical investiga-
tions among the Indians arose from certain requirements of their sacrifices.
- “Sulvasitras” is the name given to those portions or supplements of the
Kalpasttras, which treat of the measurement and construction of the different
vedis,or altars,the word ‘“ s'ulva” referring to the cords which were employed
for those measurements. (I may remark at once thatthe sitras themselves
do not make use of the term “s'ulva’; a cord is regularly called by them
“rajju”.) It appears that a s'ulva-adhyaya or, pras'na or, instead of that,a
s'ulvaparisishta belonged to all Kalpasitras. Among the treatises belong-
ing to this class which are known to me, the two most important are the
Sulvasitras of Baudhdyana and of A’pastamba. The former, entitled to the
first place by a clearer and more extensive treatment of the topics in ques-
tion, very likely forms a part of Baudhdyana’s Kalpasttra ; the want of
complete manuscripts of this latter work prevents me from being positive
on this point, The same remark applies to the S'ulvasiitra of A’pastamba.
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Two smaller treatises, a Manava S'ulvasiutra and a Maitriyaniya S’ulva-
stitra, bear the stamp of a later time, compared with the works of Baudha-
yana and A’pastamba. The literature of the white Yajur Veda possesses a
S'ulvaparisishta, ascribed to Katyiyana, and there is no sufficient reason
for doubting that it was really composed by the author of the Kalpastitra.

The first to direct attention to the importance of the S'ulvasttras was
Mr. A. C. Burnell, who in his “Catalogue of a Collection of Sanscrit
Manuscripts,” p. 29, remarks that “ we must look to the S'ulva portions of
the Kalpasttras for the earliest beginnings of geometry among the Brah-
mans.”

I have begun the publication of Baudhéyana’s S’ulvasttra, with the
commentary by Dvirakanathayajvan and a translation, in the May number
of the “ Pandit, a monthly Journal of the Benares College, etc.”, and intend
as soon as I have finished Baudhdayana, to publish all other ancient S'ulva
works of which I shall be able to procure sufficiently correct manuscripts.
In the following pages I shall extract and fully explain the most important
satras, always combining the rules given in the three most important sulva
treatises, those of Baudhiyana, A’pastamba, and Kityiyana, and so try to
exhibit in some systematic order the knowledge embodied in these ancient
sacrificial tracts. :

The sttras begin with general rules for measuring ; the greater part
of these rules, in which the chief interest of this class of writings is con-
centrated, will be given further on. In the next place they teach how to
fix the right places for the sacred fires, and how to measure out the vedis
of the different sacrifices, the saumiki vedi, the paitriki vedi ,and so on.

The remainder of the sdtras contains the detailed description of the
construction of the “agni”, the large altar built of bricks, which was re-
quired at the great soma sacrifices.

This altar could be constructed in different shapes, the earliest enu-
meration of which we find in the Taittiriya Sambhita, V. 4. 11.

Following this enumeration- Baudhayana and A’pastamba furnish us
with full particulars about the shape of all these different chitis and the
bricks which had to be employed for their construction. The most ancient
and primitive form is the chaturasras’yenachit, so called because it rude-
ly imitates the form of a falcon, and because the bricks out of which it is
composed are all of a square shape. It had to be employed whenever
there was no special reason for preferring another shape of the agni ; and
all rules given by brahmanas and siitras for the agnichayana refer to it in
first line. A full description of the construction of this agni according to
the ritual of the white Yajur Veda and of all accompanying ceremonies hag
been given by Professor A. Weber in the 13th volume of the ‘* Indische
Studien.” A nearer approach to the real shape of a falcon or—as the
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stitras have it—of the shadow of a falcon about to take wing is made
in the s’yena vakrapaksha vyastapuchchha, the falcon with curved wings
and outspread tail.* The kafikachit, the agni constructed in the form
of a heron, or according to Burnell (Catalogue, p. 29) of a carrion kite,
is but a slight variation of the s’yenachiti; it is distinguished from it
by the addition of the two feet. The alajachit again is very little diffe-
rent from the kafikachit, showing only a slight variation in the outline
of the wings. What particular bird was denoted by the word alaja,
the commentators are unable to inform us; in the commentary to Taittir.
Samh. V. 5. 20 it is explained as “bhdsa”, which does not advance
us very much, as the meaning of bhasa itself is doubtful. Next comes
the praiigachit, the construction imitating the form of the praiiga, the
forepart of the poles of a chariot, an equilateral acutangular triangle and
the ubhayatah-praiigachit made out of two such triangles joined with
their bases. Then follows the rathachakrachit, the altar constructed in the
form of a wheel; in the first place the simple rathachakrachit, a massive
wheel without spokes, and secondly, the more elaborate sararathachakrachit,
representing a wheel with sixteen spokes. The dronachit represents a
drona, a particular kind of tub or vessel ; it could be constructed in two
shapes, either square or circular (chaturasradronachit and parimandala-
dropachit), The parichdyyachit, which is mentioned in the next place, is
in its circular outline equal to the rathachakrachit, but it differs from it in
the arrangement of the bricks, which are to be placed in six concentric
circles. The samthyachit has likewise a circular shape ; its characteristic
feature was that loose earth was employed for its construction instead of
the bricks. Of the s'mas’4nachit a full description together with the
necessary diagrams will be given further on. The last chiti mentioned is
the kirmachit, the altar representing a tortoise ; the tortoise may be either
vakringa, of an angular shape, or parimandala, circular.

Every one of these altars had to be constructed out of five layers of
bricks, which reached together to the height of the knee ; for some cases
ten or fifteen layers and a correspondingly increased height of the altar
were prescribed. Every layer in its turn was to consist of two hundred
bricks, so that the whole agni contained a thousand ; the first, third, and
fifth layers were divided into two hundred parts in exactly the same
manner ; a different division was adopted for the second and the fourth, so
that one brick was never lying upon another brick of the same size and form.

Regarding the reasons which may have induced the ancient Indians
to devise all these strange shapes, the Samhitds and Brdhmanas give us

* The plates accompanying this paper contain the diagrams of three different chitis ;
diagrams of all the remaining chitis will be given in the ¢ Pandit’ in the proper places.
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but little information. Thus we read for instance in the Taittiriya
Sambhita :

S’yenachitam chinvita suvargakdmah, s’yeno vai vayasdm patishthah,
g'yena eva bhitva suvargam lokam patati.

¢“He who desires heaven, may construct the falcon-shaped altar; for
the falcon is the best flyer among the birds ; thus he (the sacrificer) having
become a falcon himself flies up to the heavenly world.”

In the same place the dronachiti is brought into connexion with the
acquiring of food ; the pratiga and rathachakra are described as thunderbolts
which the sacrificer hurls on his enemies, and so on. Here as in many
other cases we may doubt if the symbolical meaning which the authors of
the brahmanas find in the sacrificial requisites and ceremonies is the right
one ; still we cannot propose anything more satisfactory.

But the chief interest of the matter does not lie in the superstitious
fancies in which the wish of varying the shape of the altars may have
originated, but in the geometrical operations without which these varia-
tions could not be accomplished. The old yajnikas had fixed for the most
primitive chiti, the chaturasras’yenachit, an area of seven and a half
square purushas, that means seven and a half squares, the side of which
was equal to a purusha, 4. e., the height of a man with uplifted arms, This
rule was valid at least for the case of the agni being constructed for the
first time ; on each subsequent occasion the area had to be increased by one
square purusha.

Looking at the sketch of the chaturas’ra s’yena we easily understand
why just 71 square purushas were set down for the agni. Four of them
combined into a large square form the atman, or body of the bird, three
are required for the two wings and the tail, and lastly, in order that the
image might be a closer approach to the real shape of a bird, wings and tail
were lengthened, the former by one fifth of a purusha each, the latter by one
tenth. The usual expression used in the sitras to denote the agni of this
area is “agnih saptavidhah sdratniprades’ah, the sevenfold agui with
aratni and prades’a,” the aratni being the fifth ( = 24 angulis), and the
prades’a, the tenth of a purusha ( = 12 ahgulis).

Now when for the attainment of some special purpose, one of the
variations enumerated above was adopted instead of the primitive shape of
the agni, the rules regulating the size of the altar did not cease to be valid,
but the area of every chiti whatever its shape might be—falcon with curved
wings, wheel, pratiga, tortoise, etc.—had to be equal to 75 square purushas.
On the other hand, when at the second construction of the altar one square
purusha had to be added to the seven and a half constituting the first chiti,
and when for the third construction two square purushas more were re-
quired the shape of the whole, the relative proportions of the single
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parts had to remain unchanged. A look at the outlines of the different
chitis is sufficient to show that all this could not be accomplished without
a certain amount of geometrical knowledge. Squares had to be found
which would be equal to two or more given squares, or equal to the differ-
ence of two given squares; oblongs had to be turned into squares and
squares into oblongs; triangles had to be constructed equal to given
squares or oblongs, and so on, The last task and not the least was that of
finding a circle, the area of which might equal as closely as possible that
of a given square,.

Nor were all these problems suggested only by the substitution of the
more complicated forms of the agni for the primitive chaturasras’yena, al-
though this operation doubtless called for the greatest exertion of ingenuity ;
the solution of some of them was required for the simplest sacrificial con-
structions. 'Whenever a figure with right angles, square or oblong, had to
be drawn on the ground, care had to be taken that the sides really stood
at right angles on each other; for would the dhavaniya fire have carried
up the offerings of the sacrificer to the gods if its hearth had not the shape
of a perfect square ? There was an ancient precept that the vedi at the
gautramani sacrifice was to be the third part of the vedi at the soma sacri-
fices, and the vedi at the pitriyajna its ninth part; consequently a method
had to be found out by which it was possible to get the exact third and
ninth part of a given figure. And when, according to the opinion of some
theologians, the gérhapatya had to be constructed in a square shape, ac-
cording to the opinion of others as a circle, the difference of the opinions
referred only to the shape, not to the size, and consequently there arose
the want of a rule for turning a square into a circle.

The results of the endeavours of the priests to accomplish tasks of this
nature are contained in the paribhashé satras of the S<ulvasitras. The
most important among these is, to use our terms, that referring to the
hypotenuse of the rectangular triangle. The geometrical proposition, the
discovery of which the Greeks ascribed to Pythagoras, was known to the
old Achiryas, in its essence at least. They express it, it is true, in words
very different from those familiar to us; but we must remember that they
were interested in geometrical truths only as far as they were of practical
use, and that they accordingly gave to them the most practical expression.
What they wanted was, in the first place, a rule enabling them to draw
a square of double the size of another square, and in the second place
a rule teaching how to draw a square equal to any two given squares, and
according to that want they worded their knowledge, The result is, that
we have two propositions instead of one, and that these propositions speak
of squares and oblongs instead of the rectangular triungle.
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These propositions are as follows :

Baudhdiyana :

FRggTIRTUARSFEraat gfd ®ufa |

The cord which is stretched across—in the diagonal of—a sqnare
produces an area of double the size.

That is: the square of the diagonal of a square is twice as large as
that square.

Apastamba :

SgTERrUIIE A ufd avif o

Kiatyéyana :

| GAug ERrRAIE AT |

The cord in the diagonal of a square is the cord (the line) producing
the double (area).

“ Samachaturasra” is the term employed throughout in the S‘ulva-
sitras to denote a square, the ¢ sama” referring to the equal length of
the four sides and the chaturasra implying that the four angles are
right angles. The more accurate terminology of later Indian geometry
distinguishes two classes of samachaturasras, or samachaturbhujas, viz.
the samakarna samachaturbhuja and the vishamakaroa samachaturbhuja ;
the Sulvasatras, having to do only with the former one, make no such
distinction. Akshnaydrajju is the ancient term, representing the later
¢ karparajju”’ or simply ¢ karna.”” “ Area’ is here denoted by ¢ Dbhtmi,”
while in later times ‘“ kshetra” expressed this idea, and ‘ bhimi” became
one of the words for the base of a triangle or any other plane figure.

The side of a square is said to produce that square (karoti), a way of
speaking apparently founded on the observation that the square is found
by multiplying the number which expresses the measure of the side by it-
self; if the side was five feet long, the square was found to consist of
5 x 5 little squares, &c. The expression was not applicable to other plane
figures, to an oblong for instance; for there the area is the product of two
sides of different length, neither of which can be said to produce the figure
by itseli.

The side of a square, or originally the cord forming the side of a square,
is therefore called the ¢ karani” of the square. That “rajju” is to be
supplied to “ karani”, is explicitly stated by Katydyana :

FTH GHTH fATSHIA TIHATGRGAT A |

By the expressions: karani, karaui of that (of any square) &ec., we
mean cords,

The side of a square being called its karani, the side of a square of
double the size was the  dvikarani”, the line producing the double (I
shall for convenience sake often employ the terms ¢side” or ‘ line”
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instead of ¢“cord”); this was therefore the name for the diagonal of a
square. Other compounds with lkarani will occur further on; the change
of meaning which the word has undergone in later times will be consider-
ed at the end of this paper.

The authors of the sitras do not give us any hint as to the way in
which they found their proposition regarding the diagonal of a square;
but we may suppose that they, too, were observant of the fact that the
square on the diagonal is divided by its own diagonals into four triangles,
one of which isequal to half the first square. This is at the same time
an immediately convincing proof of the Pythagorean proposition as far as
squares or equilateral rectangular triangles are concerned.

The second proposition is the following :

Baudhdyana :

LEHTGTEATTCANT WHATN [AIGAA T A FEOaE LA
Feife | \

The cord stretched in the diagonal of an oblong produces both (areas)
which the cords forming the longer and the shorter side of an oblong pro-
duce separately.

That is : the square of the diagonal of an oblong is equal to the
square of both its sides,

Apastamba :

LERTRCATTS THATA fad=@rT 7 IgUNE Fra@gd Al |

Kityayana gives the rule in the same words as Baudhdyana.

The remark made about the term samachaturasra applies also to
¢ dirghachaturasra” “the long quadrangle’” meaning the long quadrangle
with four right angles. ¢ Pérs’vaméni (rajju)” is the cord measuring the
parsva or the long side of the oblong or simply this side itself; tiryaimani,
the cord measuring the horizontal extent or the breadth of the oblong, in
other words its shorter side, which stands at right angles to the longer
side. Noteworthy is the expression ¢ prithagbhite;” for as one of the
commentators observes it is meant as a caution against taking the square
of the sum of the two sides instead of the sum of their squares (prithag-
grahanam samsargo mé bhid ity evamartham).

It is apparent that these two propositions about the diagonal of a
square and an oblong, when taken together, express the same thing that
is enunciated in the proposition of Pythagoras.

But how did the sttrakéras satisfy themselves of the general truth of
their second proposition regarding the diagonal of rectangular oblongs ?

Here there was no such simple diagram as that which demonstrates
the truth of the proposition regarding the diagonal of a square, and other
means of proof had to be devised.
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Baudhdyana : )

feavgmarsiautesan ygziwaeasn afgaggley faagre-
famyefY fuaan gezfuarefay wawaftaarersia: |

This (viz. that the diagonal of an oblong produces by itself, &ec.,) is
seen in those oblongs the sides of which are three and four, twelve and five,
fifteen and eight, seven and twenty-four, twelve and thirty-five, fifteen and
thirty.six (literally, the sides of which consist of three parts and four parts,
&e.) -
This stitra contains the enumeration of, as we should say, five Pytha-
gorean triangles, 7. ¢., rectangular triangles, the three sides of which can
be expressed in integral numbers. (Baudhdyana enumerates six ; but the
last is essentially the same with the second, 15 and 36 being 3 X 5 and
8 X 12.) Baudhidyana does not give the numbers expressing the length
of the diagonals of his oblongs or the hypotenuses of the rectangular trian-
gles, and I subjoin therefore some rules from A’pastamba, which supply
this want, while they show at the same time the practical use, to which the
knowledge embodied in Baudhayana’s sttra could be turned.

The vedi or altar employed in the soma sacrifices was to have the
dimensions specified in the following :

ﬁVW{Tﬁf gwaT a1 gy wafq wefEy wa st Tgfay wla:
EASSURAS I Frifamar I2fasmraw |

The western side is thirty padas or prakramas long, the prichi or east
line (i. e., the line drawn from the middle of the western side to the mid-
dle of the eastern side of the vedi) is thirty-six padas or prakramas long ;
the eastern side twenty-four ; thisis the tradition for the vedi at the soma
sacrifices.

Now follow the rules for the measurement of the area of this vedi:

Y MATRER TR IARTE ARG 9 99L0g 99
mﬁmrt-—ﬂr fagm wwefuaa gfouqram wg faemagmwaw FHray
fagsen¥aT ygzfwadarargm gigfaa 5 fa-a'?aaﬁ(amav q7 a<H-
=1 famcwa )

Add to the length of thirty-six (¢. e., to a cord of the length of thirty-
six either padas or prakramas) eighteen (the whole length of the cord is
then 54), and make two marks on the cord, one at twelve, the other at
fifteen, beginning from the western end; tie the ends of the cord to the
ends of the prishthya line (the prishthy4 is the same as the prachi, the line
directed exactly towards the east and west points, and going through the
centre of the vedi. The fixing of the prachi was the first thing to be done
when any altar had to be measured out. The methods devised for this
end will not be discussed here, as they are based on astronomical observa-
tions ; for our purpose it is sufficient to know that a line of 36 padas length

FF
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and ranning from the east towards the west had been drawn on the ground.
On both ends of this line a pole was fixed and the ends of the cord of 54
padas length tied to these poles) and taking it by the sign at fifteen, draw
it towards the south; (at the place reached by the mark, after the
cord has been well stretched) fix a pole, Do the same on the northern
side (7. e., draw the cord towards the north as you have drawn it just
now towards the south). By this process the two sronis, the southwest
corner and the southeast corner of the vedi are fixed. After that ex-
change (the ends of the cord; 7. e, tie that end which had been fastened
at the pole on the east end of the prichi to the pole on its west end
and vice versd), and fix the two amsas (*‘ shoulders” of the vedi, 7. e., the
southeast corner and the mnortheast corner). This is done by stretching
the cord towards the south having taken it by the mark at fifteen and
by fixing a pole on the spot reached by the mark at twelve; and by
repeating the same operation on the northern side. The result are the
two amsas. This is the measurement of the vedi by means of one cord
(the measurements described further on require two cords each). (See
diagram 1.) )

The whole process described in the preceding s founded on the know-
ledge that a triangle, the three sides of which are equal to 15, 36, 89, is
rectangular. ’

The end aimed at was to draw the east and the west side of the vedi
at right angles on the prdchi. Accordingly, the prichi a b being 36 feet
long, a cord a ¢ b ( = 54 ) was divided by a markinto two parts a ¢ = 39
and b ¢ = 15 and fastened at a and b. If then this cord was taken at c,
and stretched towards the right, the angle a b ¢ could not but be a right
angle. The same applies to the anglesabd, bae, and baf In fixing
the two east corners, both marks on the cord had to be employed, the mark
at fifteen being used for comstructing the right angle, the mark at 12 giving
to the east side of the vedi the prescribed length (24 padas).

famwgman eles=uransy |
The diagonal cord of an oblong, the side cords of which are three and
four, is five.

aTfafET e YT |

With these cords increased three times (by itself ; 4. e., multiplied by
four) the two eastern corners of the vedi are fixed.

The proceeding is as follows : (See diagram 2.)

At c, at a distance of 16 padas from a, the east end of the prichi, a
pole is fixed and then a cord of 32 feet length tied to the pcles at a and e.
The cord is marked at a distance of 12 padas from a, and then taken by the
mark and drawn towards the south until it reaches the positionaec. Thus
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a triangle is formed, the sides of which are 12, 16, 20 and this triangle -s
a rectangular one; a e stands at right angleson a ¢, and as it is just 12 padas
long, e marks the place of the southeast corner of the vedi. The north east
corner d is found in the same way.

Fg@E: Fray |

With the same cords increased four times (4. e., their length multiplied
by five) the two western corners of the vedi are found.

In this case a cord of 40 padas length is tied to the poles at ¢ and b,
and marked at the distance of 15 padas from b. Then it is taken by the
mark and drawn towards the south into the position b g ¢. The result isa
rectangular triangle as above; g marks the place of the southwest corner.
The same operation repeated on the north side gives f as the place of the
northwest corner of the vedi.

Another method for the measurement of the vedi follows :

EIREE RS Bl PR R IR STl

The diagonal cord of an oblong, the sides of which are twelve and five,
is thirteen ; with these cords the two east corners are fixed.

(See diagram III.)

A pole is fixed at the distance of five padas from the east end of the
prachi, a cord of twenty-five padas length fastened at a and ¢, marked at
the distance of 12 padas from a, drawn towards the south &c., as above.

framnta: =1t |

‘With these cords increased twice (multiplied by three) the two western
corners are fized.

The requisite rectangular triangle is here formed by the whole prichi
== 36, and by a cord of 54, divided by a mark into two pieces of 15 and 39.

Another method follows :

gegfvmifeain Fzfnamuarcsmaita: 3rar

The diagonal cord of an oblong, the sides of which are fifteen and eight,
is seventeen ; with these cords the two western corners are fixed,

(See diagram 4.)

A pole b is fixed at the distance of eight padas from d, a cord of 32
padas tied to b and d, &e.

Trfwaaay feman gafay faaranarcs @iy ar |

The diagonal cord of an oblong, the sides of which are twelve and
thirty-five is thirty-seven; with these cords the two eastern corners are
fixed.

A pole is fixed at ¢, thirty-five padas to the west from a; a cord of
forty-nine padas tied to a and ¢, &e.
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waTaf fasrarfa afgfagcmta w=fa |

So many “ cognizable” measurements of the vedi exist.

That means : these are the measurements of the vedi effected by oblongs,
of which the sides and the diagonal can be known, 7. e., can be expressed
in integral numbers.

In this manner A’pastamba turns the Pythagorean triangles known
to him to practical use (the fourth of those which Baudhédyana enumerates
is not mentioned, very likely because it was not quite convenient for the
measurement of the vedi), but after all Baudhayana’s way of mentioning
these triangles as proving his proposition about the diagonal of an oblong
is more judicious. It was no practical want which could have given the
impulse to such a research—for right angles could be drawn assoon as one
of the “ vijneya” oblongs (for instance that of 3, 4, 5) was known-—Dbut the
want of some proof which might establish a firm conviction of the truth of
the proposition.

The way in which the Sidtrakiras found the cases enumerated above,
must of course be imagined as a very primitive one. Nothing in the
stras would justify the assumption that they were expert in long cal-
culations., Most likely they discovered that the square on the diagonal
of an oblong, the sides of which were equal to three and four, could be
divided into twenty-five small squares, sixteen of which composed the
square on the longer side of the oblong, and nine of which formed the
area of the square on the shorter side. Or, if we suppose a more con-
venient mode of trying, they might have found that twenty-five pebbles or
seeds, which could be arranged in one square, could likewise be arranged
in two squares of sixteen and of nine. Going on in that way they would
form larger squares, always trying if the pebbles forming one of these
squares could not as well be arranged in two smaller squares. So they
would form a square of 36, of 49, of 64, &c. Arriving at the square form-
ed by 13 X 13 = 169 pebbles, they would find that 169 pebbles could be
formed in two squares, one of 144 the other of 25. Further on 625 peb-
bles could again be arranged in two squares of 576 and 49, and so on.
The whole thing required only time and patience, and after all the number
of cases which they found is only a small one,

Having found that, in certain cases at least, it was possible to express
the sides and the diagonal of an oblong in numbers, the Sttrakiras natu-
rally asked themselves if it would not be possible to do the same thing for
a square. As the side and the diagonal of a square are in reality incom-
mensurable quantities we can of course only expect an approximative
value ; but their approximation is a remarkably close one.

Baudhéyana :

WY @139 TH9ME gguawagEy STae | gfang: |
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Increase the measure by its third part and this third by its own fourth
less the thirty-fourth part of that fourth; (the name of this increased mea-
sure) is savis'esha,

Apastamba gives the rule in the same words.

Kitydyana:

T TAIT IHINS FEGUATAIGIAL WAT FRT Th vt |

The sttras themselves are of an enigmatical shortness, and do not state
at all what they mean by this increasing of the measure; but the com-
mentaries leave no doubt about the real meaning ; the measure is the
karani, the side of a square and the increased measure the diagonal, the
dvikarani. If we take 1 for the measure, and increase it as directed, we get

1 1
3x4 3x4x34
ed into a decimal fraction gives: 1-4142156 ,...,.. Now the side of a

and this turn-

the following expression: 1 + % +

square being put equal to 1, the diagonal is equal to 4/ 2 = 1414213 ..
Comparing this with the value of the savis'esha we cannot fail to be
struck by the accuracy of the latter.

The question arises: how did Baudhiyana or Apastamba or whoever
may have the merit of the first investigation, find this value? Certainly
they were not able to extract the square root of 2 to six places of decimals;
if they had been able to do so, they would have arrived at a still greater
degree of accuracy. I suppose that they arrived at their result by the
following method which accounts for the exact degree of accuracy they
reached.

Endeavouring to discover a square the side and diagonal of which
might be expressed in integral numbers they began by assuming two as
the measure of a square’s side. Squaring two and doubling the result
they got the square of the diagonal, in this case = eight. Then they tried to
arrange eight, let us say again, eight pebbles, in a square; as we should say,
they tried to extract the square root of eight. Being unsuccessful in this
attempt, they tried the next number, taking three for the side of a square;
“but eighteen yielded a square root no more than eight had done, They
proceeded in consequence to four, five, &c. Undoubtedly they arrived soon
at the conclusion that they would never find exactly what they wanted,
and had to be contented with an approximation. The object was now to
single out a case in which the number expressing the square of the diago-
nal approached as closely as possible to a real square number. I subjoin
a list, in which the numbers in the first column express the side of the
squares which they subsequently tried, those in the second column the
square of the diagonal, those in the third the nearest square number.
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1. 2. 1. 11. 242, 256.
2. 8. 9. 12. 288. 289,
3. 18. 16. 13. 338. 324.
4. 32. 36. 14. 392. 400,
5. 50.  49. - 15. 450. 441,
6. 72, 64, 16. 512. 529.
7. 98. 100. 17. 578. 576.
8. 128. 121. 18. 648. 625.
9. 162. 169. 19. 722, 729.
10. 200. 196. 20. 800. 784.

How far the Sttrakédras went in their experiments we are of course
unable to say; the list up to twenty suffices for our purposes. Three
cases occur in which the number expressing the square of the diagonal
of a square differs only by one from a square-number; 8 —9; 50 — 49;
288 — 289 ; the last case being the most favourable, as it involves the
largest numbers. The diagonal of a square, the side of which was equal to

twelve, was very little shorter than seventeen ( 4/ 280 = 17). Would
it then not be possible to reduce 17 in such a way as to render the square
of the reduced number equal or almost equal to 288 ?

Suppose they drew a square the side of which was 17 padas long,
and divided it into 17 X 17 = 289 small squares. If the side of the
square could now be shortened by so much, that its area would contain
not 289, but only 288 such small squares, then the measure of the side
would be the exact measure of the diagonal of the square, the side of which
is equal to 12 (12° 4 12°=288), When the side of the square is shortened
alittle, the consequence is that fromtwo sidesof the square a stripe is cut off ;
therefore a piece of that length had to be cut off from the side that the
area of the two stripes would be equal to one of the 289 small squares.
Now, as the square is composed of 17 X 17 squares, one of the two stripes
cuts off a part of 17 small squares and the other likewise of 17, both together
of 34 and since these 34 cut-off pieces are to be equal to one of the squares,
the length of the piece to be cut off from the side is fixed thereby : it must
be the thirty-fourth part of the side of one of the 289 small squares.

The thirty-fourth part of thirty-four small squares being cut off, one
whole small square would be cut off and the area of the large square
reduced exactly to 288 small squares ; if it were not for one unavoidable
circumstance. The two stripes which are cut off from two sides of the square,
let us say the east side and the south side, intersect or overlap each other
in the south-east corner and the consequence is, that from the small square
1

m. Thence the

2 2
in that corner not 3 are cut off, but only 51—
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error in the determination of the value of the savis'esha. When the side
3

of a square was reduced from 17 to 16 22 the area of the square of that
reduced side was not 288, but 288 4 571-_-{1-_?4' Or putting it in a
different way: taking 12 for the side of a square, dividing each of the
12 parts into 34 parts (altogether 408) and dividing the square into the
corresponding small squares, we get 408 X 408 = 166464. This dou-
bled is 832928. Then taking the savis'esha-value of 16 Z)Ti for the
diagonal and dividing the square of the diagonal into the small squares
just described, we get 577 X 577 = 332929 such small squares. The
difference is slight enough.

The relation of 16 g—i to 12 was finally generaliz‘ed into the rule: in-

crease a measure by its third, this third by its own fourth less the thirty-

12 12
16 — = —
fourth part of this fourth ( 6 12 -l- + x4 3xix 34')
The example of the savis’esha given by commentators is indeed 16 33 0 12;

the case recommended itself by being the first in which the third palt of
a number and the fourth part of the third part were both whole numbers.
Regarding the practical use of the savig'esha, there is in Baudbdyana
or rather, as far as I am able to see, in all s'ulvasitras only one opera-
tion, for which it was absolutely necessary ; this is, as we shall see later,
the turning of a circle into a square, when the intention was to connect the
rule for this operation with the rule for turning a square into a circle.
A’pastamba employs (see further on) the savis’esha for the construction of
right angles, but there were better methods for that purpose. The com-
mentators indeed make the most extended use of the savis’esha, calcula-
ting by means of it the diagonals wherever diagonals come into question ;
this proceeding, however, is not only useless, but positively wrong, as in all
such cases calculation cannot vie in accuracy with geometrical construction.
At the commencement of his sitras, Baudhidyana defining the mea-
sures he is going to employ, divides the afiguli into eight yavas, barley
grains, or into thirty-four tilas (seeds of the sesame). I have no doubt that
the second division which I have not elsewhere met, owns its origin to
the savis'esha. The afiguli being the measure most in use, it was conven-
jent to have a special word for its thirty-fourth part, and to be able to
say ‘sixteen ahgulis, thirty-three tilas”, instead of “sixteen afigulis,
and thirty-three thirty-fourths of an anguli.” Therefore some plant was
gearched for of which thirty-four seeds might be considered as equal in



242 G. Thibaut—On the Sulvasitras. [No. 3,

length to one afiguli; if the tilas really had that exact property, was
after all a matter of little relevancy.

Having once acquired the knowledge of the Pythagorean proposition,
it was easy to perform a great number of the required geometrical
operations. The diagonal of a square being the side of a square of double
the size, was, as wo have seen, called dvikarani; by forming with this
dvikarani and the side of the square an oblong and drawing the
diagonal of this oblong, they got the trikarani or the side of a square the
area of which was equal to three squares of the first size,

Baudh. A’past. Katy.

9w faafigatarsmemr=u s fasat |

Take the measure (the side of a square) for the breadth, the diago-
nal for the length (of an oblong); the diagonal cord is the trikarani.

By continuing to form new oblongs and to draw their diagoaals,
squares could be constructed, equal in area to any number of squares of
the first size. Often the process could be shortened by skilful combina-
tion of different karanis. Katydyana furnishes us with some examples.

o2 fadgyren fHaar qIgar R rRuaITS S RECE |
Take a pada for the breadth, three padas for the length of on ob-
long ; the diagonal is the das’akarani (the square of the diagonal com-
prises ten square padas, for it combines the square of the karani of one
pada and of the navakarani which is three padas long).

fguzr fagggen veast argwra YIRS @Y e |

Take two padas for the breadth, six padas for the length of an ob-
long ; the diagonal is the chatvarims'at-karani, the side of a square of
forty square padas (2° 4+ 6° = 40).

On the other hand, any part of a given square could be found by
similar proceedings.

Baudhdyana, after the rule for the trikarani :

RATIRLYRT AT AT wg\ﬁﬁrﬁr waHia |

Thereby is explained the tritiyakarani, the side of a square the area
of which is the third part of the area of a given square; it is the ninth
part of the area.

A’pastamba :

_AIRCUAA Frgrar Fawrawg q7w
Kityayana :
RAHLGAT ATGIAT IRTUGHIG FIHT | FCCRANE FIREAT ATA3-
WIGA AT |
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Baudhdyana’s and A’pastamba’s commentators disagree in the expla-
nation of the sttra; the methods they teach are, however, both legitimate.
Drviérakanithayajvan directs us to divide the given square into nine small
squares by dividing the side into three parts, and to form with the side
and the diagonal of one of these small squares an oblong; the diagonal
of this oblong is the tritiyakarani.

Kapardisvamin proposes to find the trikarani of the given square
and to divide it into three parts; one of these parts is the tritiyakarani;
for its square is the ninth part of a square of three times the area of the
given square, and therefore the third part of the given square. This ex-
planation seems preferable, as it preserves better the connexion of the rule
with the preceding rule for the trikarani.

The fourth, fifth, &ec., parts of a square were found in the same way.

A’pastamba and Katyayana give some special examples illustrating
the manner in which the increase or decrease of the side affects the increase
and decrease of the square,

A'pastfmba P . )

FAHYIANT TSSFT FLT RTATHNLSATIGRAT T G

A cord of the length of one and a half purusha produces two square
purushas and a quarter ; and a cord of the length of two purushas and a
half produces six square-purushas and a quarter.

Katyayana : :

fig: gwTUr FEFCE T IR/ FTERTUT FEIATAT GTSHRTHAY |

A cord of double the length produces four (squares); one of three
times the length produces nine, and one of four times the length produces
sixteen,

A’pastamba and Katydyana :

AYGRTCS I IATU A= |

By a measure of half the length a square is produced equal to the
fourth part of the original square.

A’pastamba :

‘AT AT LT |
Katyayana:

FNAT ATAEY I |
By the third part the ninth part is produced.
Katyayana :

U TSI FETI

The sixteenth part is produced by the fourth part.

Next follow the rules for squares of different size.

A’pastamba :

FHATAGCEAT: TG | AIAGTHOAEGLIIE GQ9: | I FOAT
9987 euRfEEa | eHmTRUACSAy gaEfa |

G G
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Baudhayana:

AATIGIN TRGERATIG W I G eRfRETIRTUAC: 9R-
I qrHATAY wafd |

For a literal translation of this difficult sGtra and a discussion of the
word “vridhra”, see the ‘ Pandit’ of June 1st, 1875, p. 17. The sense is
as follows :

A’pastamba: The combining of two squares of equal size has been
taught; the following is the method for combining two squares of different
sizes. Cut off from the larger square an oblong with the side of the small-
er square (4. e, an oblong one side of which is formed by the side of the
larger square, the other by that of the smaller square); the diagonal of
this oblong combines both squares (is the side of a square the area of
which is equal to the area of both the given squares together).

Baudhayana :

If you wish to combine two squares of different size, cut off an oblong
from the larger square with the side of the smaller one ; the diagonal of
that oblong is the side of both BquaTes combined.

Katyayana:

YRIGLATUHT: GAET ATAIRCIAE FEA\TE: FC@T 97 97590~
RTRTCATCS R GRS GATE: |

The method needs no further explanation ; it is in fact the same we
employ for the same purpose.

‘We proceed to the rule for deducting one square from another,

Baudhéyana, A'pastamba

SgEiEgeE  fafeduaEfaisateag stor aifedr evwfeagae
Ww:ﬁamaatmwww Y2 i@ 99 fyawngafe=i=agr fmw\l

See the ¢ Pandit’, “loc. cit.

If you wish to deduct one square from another, cut off from the larger
one an oblong with the side of the smaller one ; draw one of the sides of
that oblong across to the other side ; where it touches the other side, that
piece cut off; by it the deduction is made.

. a b ¢ d = the larger square; cut off from it the
r—7 - oblong b d e f, in which e d and bf are equal
S to the side of the smaller square which is to be
Lig s, “ly  deducted. Fasten a cord e f at e, and draw it
across the oblong into the position e g ; thend g
is the side of a square the area of which is
equal to the difference of the two given squares.
r—¢ z  (dg® = eg® — ed’).

Kitydyana words his rule as follows :

SgaEgy fafsstigEfafas s guautgg Wy frarg o
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AT FET QIR AARer aaqeYeid ¥ gued=s 9§ v
fasman

A’pastamba illustrates the rule by an example :

TER AT AT 8 @At | f&a1 [T 7 qevgwa Faggwd
w:rfau faarsTrent gﬂwv RN !

The question is about a square of four square purushas, from which a
square of one square purusha is to be deducted. The diagonal (e g), which
has been drawn across the oblong, is the side of a square of four purushas,
and produces by itself as much as the cut-off side (g d) and the other side
(e d) produce separately. The breadth of the oblong (e d) is the side of one
square purusha ; the rest—the other side, d g-—the side of three square
purushas.

In order to combine oblongs with squares, a rule was wanted for turn-
ing oblongs into squares.

Baudhéyana :

AR (R 14 mﬁ'ﬁtﬁ Faﬂwufmgzm‘”r TG HFET WS 2u7 fausy
HSRACATIL T QEHTATYT mqttﬁim fas s@ |

In order to turn an oblong into a square, take the breadth of the ob-
long for the side of the square ; divide the rest of the oblong into two paxrts,
and inverting their places join those two parts to two sides of the square,
Fill the empty place with an added piece. The deduction of this has been
taught.

That means: if you wish to turn
o the oblong a bed into a square, cut

off from the oblong the square ¢ d e f, the
g Z ¢  gide of which is equal to the breadth
e of the oblong ; divide a b e f, the rest of
the oblong, inte two parts, abgh and
g hef; takeabgh, and place it into the
Fig. 6. position d fi k; fill up the empty place
in the corner by the small square fh1i;
then deduct by samachaturasranirhdra the
small square fh1i from the large square
glke; the square you get by this deduc-
tion will be equal to the oblong a b ¢ d.
A’pastamba gives-the same rule:

SFTgey gaggd feststmagrmai=y {7 Gvwmas s |
WEREGAT §YTIAG | 7 (A= 9w |

And Kityiyana :

f\aagtev gagqee femvad faanefsamaciavaacacarsia-
ARG RIAATGAT &'(’JWT?\T fa=rE: |

c a Lk
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When one side of the oblong which had to be turned into a square,
was more than double the length of the other, it was not sufficient to cut
off a square once, but this had to be done several times, according to the
length of the oblong, and finally all squares had to be combined into one.

Kiétyayana has a rule to this purpose :

sfate Iq fassyamiggufzireaads gaw w6 ELIRIEELCES
s3iq!

I add the rules for the reverse process, the turning of a square into
an oblong.

Baudhayana :
. < . 3 . - Q=
FAYGLE gy fgxvwmrawgrgi=yg wnei 397 favsw grEaTy-
TYAATIEE !

If you wish to turn a square into an oblong, divide it by the diago-
nal ; divide again one of the two halves into two
parts, and join these two parts to the two sides (those
two sides of the other half which form the right
angle) as it fits (when joining them, join those sides

¢ which fit together).

Proceeding as directed, we turn the square
abedinto the oblong bdef. This rule is, of
course, very imperfect as it enables us to turn the
square into one oblong only.

Katyiyana has the following :

TAEELE DEEEE MR ARty e ET g A -
i |

A’pastamba’s rule helps us somewhat further:

TATged DNYgTd feRmmEteREdat rEeta; a9 91w g-
FETIIHIL S !

In order to turn a square into an oblong, make a side as long as you
wish the oblong to be (4. e., cut off from the square an oblong one side of
which is equal to one side of the desired oblong); then join to that the
remaining portion as it fits.

Given for instance a square the side of which is equal to five, and re-
quired an oblong one side of which is equal to three. Cut off from the
square an oblong the sides of which are five and three. There remains an
oblong the sides of which are five and two; from this we cut off an oblong
of three by two, and join it to the oblong of five by three. There remains
a square of two by two, instead of which we take an oblong of 3 by 14,
Joining this oblong to the two oblongs joined previously we get altoge-
ther an oblong of 3 by 83, the area of which is equal to the area of the
square 5 by 5.
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In this way the sitra, as it appears from the commentaries, must be
explained. The method taught in it was no doubt sufficient for most cases,
but it cannot be called a really geometrical method.

T subjoin the description of a method for turning squares into oblongs,
which is given by Baudhayana’s commentator, although it is not founded
on the text of the sitras. He, after having explained Baudhdyana’s way
of proceeding, continues—

S AT | ArafE S T as i 'G'ﬂ‘('ﬂ?T FUCSH AT
an a?raaateﬂwm Ema-g'taﬁmemm o= fagafa a8 Sw< few zfg-

Y5 fAaTe FUTE | aENTgIE ware |

And there is another method. ILengthen the north side and the south
side of the square towards east by as much as you want (. e., give to
them the length of the oblong you wish to construct) and stretch (through
the oblong formed by the two lengthened sides and the lines joining their
ends) a cord in the diagonal from the north-east to the south-west corner.
This diagonal cuts the east side of the square, which (side) runs through
the middle of the oblong. Putting aside that part of the cut line which
lies to the north of the point of intersection, take the southern part for the
breadth; this is the required oblong.

For example:

. Given the square a b ¢ d and required an oblong
7 of thesamearea and of thelength b g. Lengthen a ¢
and b d intoafandb g; draw f g parallel toc d;
draw the diagonal f b, which cuts ¢ d ath; drawik
parallel to af and b g; then b gikis the desired
oblong.

This method is purely geometrical and perfoctl
e @ satisfactory ; forabf =bfg, and bdhg_—bhi
) andefh —={fhk; thereforeachi=dghlk, and
Fig 8. consequently abed=bgki a E D
In this place now we have to mention the rules
., which are given at the beginning of the sitras, the

rules, as they call it, for making a square, in reality
for drawing one line at right angles upon another. Their right place is
here, after the general propositions about the diagonal of squares and
oblongs, upon which they are founded.

Baudhiyana :

s, fagm TEwA T w9y @lfq @ wﬁw-
im‘(fﬁl'zm ﬁﬁ”ﬂﬂlﬁl 9N arrf?rl LEETEE QNS,\ET?J‘H | SErwaETn TR
sfan= wsgaw ZrgwgTgEN N O grae<d |

® Make two ties at the ends of a cord the length of which is double

z
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.

the measure (of the side of the required square) and a mark at its middle.
This piece of the cord (. ¢., its half) gives us the prachi (of the required
square ; the prachi of a square has the same length as its side). Then
make a mark at the western half of the cord less the fourth part (of the
half. If we wish, for instance, to make a square the side of which is twelve
padas long, we take a cord twenty-four padas long; stretching this cord
on the ground from the west towards the east, we find its middle by a
measurement beginning from the western end, and having fixed the point
which lies at the distance of twelve padas from both ends, we measure
three padas back, towards the west, and make at the point we arrive at a
mark ; this mark divides the cord into two parts of 15 and 9 padas
length). The name of this mark is nyafichhana. Then another mark is
to be made at the half (of the western half of the cord), in order to fix by
it the four corners of the square. (This second sign is at a distance of
18 padas from the eastern end of the cord.) Having fastened the two
ties at the ends of the prishthya line, we take the cord at the nyafichhana
mark and stretch it towards the south ; the four corners of the square are
then fixed by the half (of the cord). ‘

The same method is known to A’pastamba :

T AT SR AT RGO AT S AT A W |

Or the length of the prachi of the desired square, is to be doubled;
the length and the fourth part of the added piece form the diagonal cord ;
the rest, 4. e. three quarters of the added piece form the breadth (the
shorter side of the oblong).

And the S'ulvaparis’ishta :

FHMAEWATEETGE FHY FCHA ATaCSHIa=QTT fadggren fw |

These rules make use of one of the Pythagorean triangles which
were, as we have seen above, known to the Satrakéras, v:z. of that one
the sides of which are equal to three, four, and five. It recommended it-
self by the ease with which the three sides can be expressed in terms of
each other, 3 4+ 5 being the double of 4, and 8 being equal to half the
sum of 3 and 5, minus one quarter of half that sum.

Of course any other oblong with measurable sides and diagonal could
be employed for the same purpose, and so we find in A’pastamba a rule
for chaturasrakarana abstracted from the dirghachaturasra, of which the
sides are five and twelve and the diagonal thirteen.

'qraa:rﬂr'ﬂ JaTw ?rqaﬂmrqtf‘muama WSHEH WwE afa | IE-
=R fra S 9T gawarEE fates aTd | wgwe: | favs@ata
g gaifa: |

Take a measure equal to the length (of the side and prachi of the
desired square) and increase it by its half. Make a mark at the western
third less its sixth part. Fasten the ends of the cord, &e.
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Increase 12 by 6; result 18; make a mark at a third, (reckoning
from 18; that would be at 12) less the sixth part of that third (i. e., a
sixth part before the third) 7. e., at 13. Thus we get a rectangular trian-
gle of 5, 12, 13.

The same rule in the S’ulvaparis’ishta:

SR TIETEEYE U AT At n=u AT faasgTe W |

Here, as in many other places, the paris‘ishta is much clearer and more
practical in the wording of its rules than the more ancient sitras. The
mark is, according to its expression, to be made not at the western third
less its sixth part, but simply at a sixth of the added piece (6 is added to
12; the mark is made at 13).

Another method for chaturasrakarana, taught by A'pastamba only,
makes use of the above-mentioned savis’esha.

smr-—vmm'ea ¥ wg faew afgRowwe 990 suE@@wIgTIn
QTR wmEr wER wiaed 9faﬁt yafafgat gwea gfauay earﬁf‘gﬁiw
AR R S LEE] qfinm‘/ IrfawrgRanAT WL |

Fix poles on “both ends and the middle of the pmshthya line, add to
a cord of half the length (of the prishthya) its vis‘esha, ¢. e., its third plus
the fourth part of the third minus the thirty-fourth part of that fourth
part, and add moreover a piece of the length of half the prishthya, aiter
having made a mark (to separate the two parts of the cord). Then tie the
savis'esha part of the cord to the middle pole, the other part to the eastern
pole, and fix the south-east corner of the square by stretching the cord
(towards the south), having taken it at the mark. TUntie the end of the
cord from the eastern pole, &c.

This method is of course inferior to those described above and cer-
tainly unnecessary ; Baudhdyana does not mention it.

I subjoin the remaining methods for chaturasrakarana, which do not
presuppose the knowledge of the Pythagorean theorem.

Apastamba :

sRMNRY TFHEETE: ORT FAO(A A aﬁmﬂfwnwﬁm 1 gy
TEFHEA wrm:raﬁquﬁr W{Fﬁ?ﬂqﬁaﬂr. qURT AfqaH AR FIUA
{fﬁ‘lmmmz fafas sfa wa§ wiRT ﬂﬁﬂTTqu(fﬁfﬂﬂ WHT TS
famara wy faefw afgra sfagw wafmi‘aat wHY ¥9uq zf4-
Ry mﬂaﬁgaﬁﬂ lﬁﬁﬁ{‘!tfﬂﬁﬂﬁl wgRAT wwUq Ry Ffw-
ﬂTﬂﬁ'{W?ﬂ Fray 'GT |

Take a cord of the length of the measure (of the side of the required
square), and make ties at both its ends, a mark at its middle and at the

middle points of its halves. Stretch the cord on the prishthyé line, and fix
poles on the points marked by the two ties of the cord and by the three
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marks (five poles altogether). Fasten the ties at the second and fourth
poles (reckoning from the east), stretch the cord towards the south having
taken it by the middle mark, and make at the point, touched by the mark,
a mark on the ground. Then fastening both ties at the middle pole, stretch
the cord over the mark on the ground towards the south, having taken it
by the middle mark, and fix a pole (at the spot reached by the stretched,
doubled up, cord). Then fastening one tie at this pole and the other tie
at the pole standing at the eastern end of the prachi, fix the south-east
corner of the square by stretching the cord, having taken it by the middle
mark, Then untying the rope from the eastern pole and fastening it at
the western pole, fix the south-west corner, &e. ; in the same way the north-
east and north-west corner are found.

In this procedure the first step is to find the middle of the southern
and of the northern sides of the required square by drawing a line at right
angles through the middle point of the prachi, The method employed
here for drawing a line at right angles on another is the simplest of all
known to the S‘ulvasitras, and essentially the same we make use of when
describing intersecting arcs from two points equally distant to the right
and left from some given point. In the later portions of the sitras this
method is enjoined for the measurement of the agni (instead of cords canes
of a certain length had to be employed there), and the followers of the
‘White Yajur Veda had adopted it for the same purpose (see Indische
Studien, XIII., p. 233, ff).

The second part of the procedure—to find the four corners of the
square after having found the middle points of the sides—was of course
easy and does not afford any special interest.

To Baudhdyana the same method is known, but he restricts it in his
paribhédsha-sidtras to the construction of oblongs; clearly without suffi-
cient reason, since the method refers only to the construction of right angles,
and the length of the sides is of no importance. A’pastamba gives no
special rule at all for oblongs, and it is indeed not wanted.

I subjoin Baudhdyana’s rule:

i\iﬁrgtﬁ IEEACC LI CATRIEE amr 3 g faeaa.l 31 grEa -&
e 1 wra?f"r faggqrn arady '(E'I’H%Wﬂ' TV wET WY @ ST
nwmﬁmr- qraT sfaq= wava (’r‘ﬁmm ¥HU §9U FU(q | wId
mm RG] Gﬁwmﬁmﬁﬁmwmm aqq ms.' fas=ma | §1YE -
WIS T ArGgraGIT AW |

He who wishes to make an oblong is to fix two poles on an area of

the length which he intends to give to the oblong (4. e., at the two ends
of the prachi of that area). On both sides, 7. ¢., on the west and east sides
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of both these poles two other poles are to be fixed at equal distances.
Then taking a cord of the length one intends to give to the side line
(breadth) of the oblong, one makes ties at both its ends and a mark at its
middle. Then one fastens the two ties at those two of the three eastern
poles, which stand at the outside, stretches the cord towards the south
holding it by the mark, and makes on this mark (7. e., on the spot where
the mark touches the ground after the cord has been stretched) a mark.
Then fastening both ties at the middle pole one stretches the cord over
the mark (on the ground) towards the south, and fixes a pole on the mark
(¢. e., on the spot touched by the mark on the cord). That is the south-
east corner of the oblong ; thereby are explained likewise the north-east
corner and the two western corners.

In the last place I give a method of chaturdsrakarana, which is found
in Baudhéyana only, but there in the first place. It seems to be the most
ancient of all the methods enumerated.

Sy aRumrEfERuany THRuaE: ON TE0 T €90 ALK |
wErHITe R AR W WY Fere e sfaqw g9u wEd uifeaq |
famm=aT: WS fﬂ’ﬁmrt qa‘r‘m‘crm sfans urwa www yffeda wa-
wyfay @ 99 Rt 3w fzﬁ‘ra ﬁnﬁﬁmﬂmqm fasmrmar w fa<ang |
gafaeardr sfaq www v afcfaeq | w3 <Paua v wrzawﬂta-
T g5 gYEnELgEY 99 |

If you wish to make a square, take a cord of the length which you
desire to give to the side of the square, make a tie at both ifs ends and a
mark at its middle ; then having drawn the prachi line, fix a pole in its
middle, and having fastened at that pole the two ties of the cord, describe
with the mark a circle round i6, Then fix poles at both ends of the diame-
ter (formed by the prdchf), and having fastened one tie at the eastern pole
(the pole standing at the east end of the prichi), describe a circle with the
other tie (7. e., with the full length of the cord). In the same manner a
circle is described round the pole at the west end of the prachi, and another
diameter is drawn joining the points in which these two ecircles intersect
(this diameter is the line pointing to the north and south points). A pole
is fixed at both ends of this diameter. Having fastened both ties at the
eastern pole, describe a circle round it with the mark. The same is to be
done in the south, the west, and the north (7. e., circles are to be described
round the three other poles); the points of intersection of these four circles
which (. e., the points) are situated in the four intermediate regions (north-
east, north-west, &c.,) are the four corners of the required square.

Diagram 9.

Passing over some rules of less importance, I proceed to those which
refer to the “ squaring of the circle.” It certainly is a matter of some in-

oH
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terest to see the old Acharyas attempting this problem, which has since
haunted so many unquiet minds. It is true the motives leading them to
the investigation were vastly different from those of their followers in this
arduous task. Theirs was not the disinterested love of research which dis-
tinguishes true science, nor the inordinate craving of undisciplined minds
for the solution of riddles which reason tells us cannot be solved; theirs

" was simply the earnest desire to render their sacrifice in all its particulars
acceptable to the gods, and to deserve the boons which the gods confer in
return upon the faithful and conscientious worshipper.

It is true that they were not quite so successful in their endeavours as
we might wish, and that their rules are primitive in the highest degree; but
this tends at least to establish their high antiquity.

The rules are the following :

Baudhayana :

TGTE wEE A AR R AEE LAt a9
wA1e we ufciesd |

If you wish to turn a square into a circle, draw half of the cord stretch-
ed in the diagonal from the centre towards the prachi line (the line passing
through the centre of the square and running exactly from the west towards
the east) ; describe the circle together with the third part of that piece of
the cord which will lie outside the square.

See diagram 10.

A cord is to be stretched from the centre e of the square abed to-
wards the corner a; then the cord, being tied to a pole at e, is drawn
towards the right hand side until it coincides in its position with the line
e f; a piece of the cord, f k, will then of course lie outside the square, This
piece is to be divided into three parts, and one of these three parts, f g,
together with the piece e f, forms the radius of the circle, the area of which
is to be equal to the area of the square a b ¢ d.

A’pastamba gives the same rule in different words:

Tqd AEw feRnaaER et e orE: gfoeufangeding g
Wy ufcfead | &7 fq@r sweea | arasigd aragg |

If you wish to turn a square into a circle, stretch a cord from the cen-
tre towards one of the corners, draw it round the side and describe the cirvcle
together with the third part of the piece standing over ; this line gives a
circle exactly as large as the square; for as much as there is cut off from
the square (viz. the corners of the square), quite as much is added to it
(viz. the segments of the circle, lying outside the square).

I must remark that Kapardisvamin, A’pastamba’s commentator, com-
bines the two words “sa nityd” into sanityd ( = sd anityd), and explains:
this line gives a circle, which is not exactly equal to the square. DBut I am
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afraid we should not be justified in giving to A’pastamba the benefit of this
explanation. The words ¢ yavad dhiyate, &c.' seem to indicate that he was
perfectly satisfied with the accuracy of his method and not superior, in this
point, to so many circle-squarers of later times. The commentator who,
with the mathematical knowledge of his time, knew that the rule was an
imperfect one, preferred very mnaturally the interpretation which was more
creditable to his author.

Kitydyana's S'ulvaparisishta :

TqCE weE faRemarE¥E faure urEw wfcfaw 79 gzfafcd wafa
qAY TANGA G H&W I f@Ea |

Let us now see what the result of the above rule would be by making
the side of the square equal t02. a ¢ = 2;ai = 1;ae = 4/ 2

. 2 .
= 1414213...; % == (0"138071; radius of the circle = 1138071,

Multiplying the square of 1'138071 by = == 3:141592..., we find as
area of the circle : 4-069008......... , while the area of the square = 4.

The next thing was to find a rule for turning a circle into a square.
There we have at first a rule given by Baudhédyana only :

AEY TUCE (AR CAEWAL WG Er WAt W fawenrafay -
TANMTEIFAY T TERTAWTATAH |

If you wish to turn a circle into a square, divide the diameter into
eight parts, and again one of these eight parts into twenty-nine parts ; of
these twenty-nine parts remove twenty-eight and moreover the sixth part
(of the one left part) less the eighth part (of the sixth part).

%9- —_ 8'219'6 + 8'2;'6'8 of the diamefer of
a circle is the side of a square the area of which is equal to the area of the
circle,

Considering this rule closer, we find that it is nothing but the reverse
of the rule for turning a square into a circle.

It is clear, however, that the steps taken according to this latter rule
could not be traced back by means of a geometrical construction ; for if we
have a circle given to us, nothing indicates what part of the diameter is to
be taken as the ¢ atis’ayatritaya” (the piece f g in diagram 10).

It was therefore necessary to express the rule for turning a square into
acircle innumbers. This was done by making use of the “ savis‘esha’, which
we have considered above. Baudhdyana assumed a i as equal to 12 afigulis
(= 408 tilas), and therefore a ¢ = 16 afigulis, 33 tilas. Difference = 4
afig. 33 til, = 169 til.; the third part of this difference = 565 til. Ra-

.7
The meaning is: 5 ~+
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dius of the circle=e f(=ai) + g f==408 til. + 56} til. = 464%
til. In other words : if half the side of a square is 408 til. long, the length
of the radius of a circle, which is equal in area to the square, amounts to
464% til. ; or, if the radius of a circle is 4641 til.,, half the side of the
corresponding square is 412 til. In order to avoid the fraction, both num-
bers were turned into thirds, and the radius made — 1393, half the side —=
1224. Fipally, the diameter was taken instead of the radius, and the whole
side of the square instead of half the side.

To generalize this rule, it was requisite to express 1224 in terms of
1893. One eighth of 1393 = 174%; this multiplied by 7 = 1218%.
Difference between 1218% and 1224 = 5%. Dividing 174 (Baudhiyana
takes 174, instead of 1744, neglecting the fraction as either insignificant
or, more likely, as inconvenient) by 29 we get 6; subtracting from 6 its
sixth part we get 5 and adding to this the eighth part of the sixth part of
six, we get 5¢.

1 1 1
525 §06 T sages O 193
(due allowance made for the neglected 1.)
Another simpler and less accurate rule for squaring the circle is com-
mon to the three Satrakéras.
Baudhayana :

In other words: 1224 = g- +

Sy 91 TEIN FWTEHAT FIFLATAT TGLIRTA |

Or else divide (the diameter) into fifteen parts and remove two; that
(the remaining thirteen parts) is the gross side of the square.
A’pastamba :

wuE ggd fGRlEEs qgEw wAewer s o SrgwE tee
91 fqar IgTaq;

Katyayana :

wwd TgE ffuimma veEw wrTesEr FrEETRT S |

If we assume a circle with 15 for diameter, the area of the correspond-
ing square would, according to this rule, be 169, while the area of the circle
is 176. 714.......

These are the most interesting of the paribhdsha-sitras. In the fol-
lowing I shall extract the description of three kinds of the agnichayana, of
the vakrapakshas'yenachiti, as given by A’pastamba ; of the sirarathachakra=
chiti and of the s'mas’dnachiti. The two latter are described by Baudhéa-
yana only. I select these three chitis, because the first of them was, as it
appears, most in use, and because some particular skill was required for
the construction of the agnikshetra of the two latter chitis.
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The vakrapaksha s’yena itself could be constructed in different forms.
Two forms are described by Baudhdyana, two by A’pastamba. And as two
different prastiras were necessary for each chiti, we have altogether eight
different prastaras for the vakrapaksha s’yena, each of them consisting of
two hundred bricks. The following extract contains A’pastamba’s rules for
the first kind of the vakrapaksha s’yena.

(Description and diagrams of all the other kinds will be given in the ‘ Pan-
dit’. A sketch of one prastéra of the second kind of the s’yenachit is to be
found in Burnell’s Catalogue; it is, as we are informed there, taken from
an agni actually constructed and used, There is, however, an error in the
reference to the sétra according to which it is said to be constructed, this
stitra not being Baudhdyana’s, but A’pastamba’s, patala VI.)

watgd fg=ats gaaaw 3iq fag/9a |

He who wishes for heaven, may construct the altar shaped like a fal-
con; this is the tradition.

IHIET AW =T A |

His wings are bent and his tail spread out.

ERIGIESSIL R AT RS AT
On the west side the wings are to be drawn towards the east, on the
east side towards the west.

wafas f& 7391 w9 vafaamar vadta fasmEa

For such is the curvature of the wings in the middle of the birds, says
the tradition.

wrrafy: acfamdm aaft: 999 TRE TgSwEaggREeTETe T
wret fae: o TacamaitawsTy |

Of the whole area covered by the sevenfold agni with aratni and pra-
des’a take the prades’a, the fourth part of the atman (body without head,
wings, and tail) and eight quarter bricks ; of those latter, six form the head
of the falcon ; the remainder is to be divided between the two wings.

This sttra determines what portions of the legitimate area of the agni
bave to be allotted to the different parts of the falcon construction. The
whole area of the saptavidha agni is seven purushas with the addition of the
two aratnis on the wings and the prddes’a of the tail, albogether 74 purushas,
Now the fourth part of the &tman (of the primitive s’yenachiti) = one
purusha and the prides’a, <. e., an oblong of 120 afigulis by 12 afigulis =
+ square purusha and eight quarter bricks, (¢. e., square bricks the side of
which is equal to the fourth part of a purusha = 80 afigulis, so that they
cover together an area of % square purusha) are given to the wings in addi-
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tion to the area which they cover in the primitive agni, only they have to cede
in their turn three of the eight quarter bricks, which are employed for the
formation of the head. The original area of both wings together being 22
purushas, their increased area amounts to 22 + 12 — ¥ = 31} square
purushas, for one wing to 122 square purushas.

THLHHT AT TR G |

Nine and a half aratnis ( = 238 afigulis) and three quarters of an aii-
guli are the length of the wing.

The breadth of the wing is the same as in the primitive s’yena, i. e.,
== one purusha = 120 afigulis. Dividing the area of the wing mentioned
above by the breadth we get the length. Up to this, the wing has the shape
of a regular oblong ; the following rules show how to produce the curvature.

fggaaTy THHEIa: Ot FAUTA T T |

Make ties at both ends of a cord of two purushas length and a mark
in its middle.

THRIGCET RISITHT (90 SHUT NG AATI=R2S A TA0a: |

Having fastened the two ends of the cord at the two western corners
of the oblong forming the wing, take it by the mark and stretch it towards
the east; the same is to be done on the eastern side (7. e., the cord is fast-
ened at the two east corners and stretched towards the east). This is the
curvature of the wings.

By stretching the cord, fastened at the west corners, a triangle is form=
ed by the west side of the oblong and the two halves of the cord, and this
triangle has to be taken away from the area of the wing. In its stead the
triangle formed, when the cord is stretched from the eastern corners, is added
to the wing.

AT IF Frgra: |

Thereby the northern wing is explained.

The curvature is brought about in the same way.

W@ P aR AT T |

The 4tman is two purushas long, one and a half purushas broad.

This is not the final area of the dtman, as we shall see further on; but
an oblong of the stated dimensions has to be constructed and by cutting
pieces from it we get the area we want.

RS g T A=

At the place of the tail stretch a purusha towards the west, with the
breadth of half a purusha.

That means: construct an oblong, measuring one purusha from the
east to the west, half a purusha from the north to the south.
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Y TR TCAY ATIRTT TG A 1A |

To the south and to the north of this oblong, construct two other
oblongs like it, and dividing them by their diagonals remove their halves, so
that half a purusha remains as breadth at the jointure of 4tman and tail,

The result is the form of the tail which we see in the diagram.

R qRiT 99T T g a<wr SurAEtT gt e,
At the place of the head a square is to be made with half a purusha,
and from the middle of its east side cords are to be stretched to the middle
of the northern and the southern side.
The triangles cut off by these cords are to be taken away from the area
of the head.

SuFeta J ey araatg=T 1

Then the four corners of the atman are cut off in the direction towards
the joining lines. This finishes the measurement of the s’yena. Its four
corners are cut off by four cords connecting the ends of the lines in which
the 4tman and the wings touch each other with the ends of the lines in
which head and tail are joined to the 4tman,

A’pastamba now proceeds to the rules for the different sorts of bricks
required for the construction of the agni on the agnikshetra,

TW A IRV TBATE JUATAAT TETTHA

One class of bricks has the length of the fifth of a purusha, the breadth
of a sixth, bent in such a way as to fit (the place in which they are to be
employed). This is the first class.

By “mnata, bent” the sttrakéra means to indicate that the sides of the
* brick do not form right angles. The shape of the brick is rhomboidical, the
angles, which the sides form with each other, are the same which the wings
of the s'yena form with the body. (See the diagrams of the two layers of
this chiti 11 and 12, in which the bricks are marked with numbers.)

7 % sy ag fgataa)
Two of those bricks joined with their long side form the second class,

These are the bricks used in the second layer at the point where the
curvature of the wings takes place.

TR TEHAHERWIA THGQAEATAT aHANA |

Increase that side of the first description which has the length of the
sixth of a purusha, by the eighth part of a purusha which is bent in such
a way as to fit in its proper place; this is the third class,

These are the bricks employed in the second layer, at the place where
4tman and wings join, They consist of two parts; the one part equal to a



258 G. Thibaut— On the S ulvasitras. [No. 3,

brick of the first class lies in the wing ; the second part, an oblong of 24
afigulis by 15 afigulis, lies in the dtman,

IR TR TAGH AR TR g g YA T

From a brick of which the area exceeds by a half the area of that brick
the side of which is the fourth part of a purusha (this latter would be 30
afig. by 30 afig., the increased brick is 45 afig. by 30 afig.), and divide
that part of it which is equal to the brick, the side of which is equal to the
fourth part of a purusha, by its diagonal (removing half of it). Thisis the
fourth class.

We get a trapezium, the sides of which are equal to 15 afig., 30 afiz.,
45 afig. and, in the language of the sftras, to the savis'esha of 80 (==
4/ 1800) ; they would have put this last side equal to 422¢ afigulis and
very likely have expressed the fraction as 14 tilas.

SN 7w |

Bricks which are equal to the half of those of which the side is the
fourth of a purusha, form the fifth class. Oblongs of 80 afig. by 15 afig.

AGEUITHL: TGH 1 )

The division of the above bricks by the diagonal produces bricks of the
sixth class.

Rectangular triangles (the sides: 30 afig., 15 afig., »/ 1125.)

YUY GEREE TP E ST IRE I IUAneEaay ara-
ugr Zigugcan: FEnTfeds a@aad |

Draw an oblong the length of which from the east to the west is the
fifth part of a purusha ( = 24 afigulis) and the breadth the tenth part
(12 afig.) ; to the north and the south of this oblong draw two other
oblongs, and divide those by the diagonals dividing their south-western
corners, This is the seventh class.

We get the rhomboidical bricks employed in the second layer on both
sides of the tail. Two of their sides are = 24 afig., the two others =
v/ 720.

TARYZACH AT R12]T FTTGE LA |

In the same way another description of bricks is formed; only this
time the oblong on the north side has to be divided by the (other) diagonal
which divides the northern (north-western) corner. This is the eighth class.

Result : the trapeziums employed in the middle of the tail in the
second layer,

TR WA T A |

The ninth description of bricks is got by dividing a square brick the
side of which is equal to the fourth part of a purusha, by both diagonals
(into four triangles).
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Therewith the dimensions of all required bricks are detailed ; it remains
to show how the area of the s’yena is to be covered with them.

SouE wiE: wfeg: ggan ggar SO |

‘When placing the bricks we have to put down sixty of the first kind
in each wing, turned towards the north.

Y =RYTHACSAST VG |

On both sides of the tail eight of the sixth description.

foeTsy a7 T aa@9 ad @ |

Three of them in the top (. e., in each of the two western corners of
the tail), then one (to the east of the three), then again three, then again
one. N

I=rgy Fg@r fawd |

At the place where the tail is joined to the body, two bricks of the
fourth description are placed, so as to lie partly in the body, partly in the
tail. (They are composed of a triangle and an oblong ; the triangle be-
longs to the body, the oblong to the tail).

ERIR LG IR e SESEL ]

To the west of these two, bricks of the fifth kind are placed touching
each other with their faces (their short sides).

They touch each other, says one of the commentators, with their faces,
like two fighting rams.

WY TW 9GS |

Ten bricks of the fourth kind cover the remainder of the tail.

ALY TR NH TS

In the four corners of the atman eight bricks of the fourth description
are placed, turned towards the east and towards the west.

W ¥ sefa¥ N veEa e wuws |

In the remainder of the atman are to be placed twenty-six of the fourth
class, eight of the sixth, four of the fifth.

farcfg Tgan fawd |

In the head two bricks of the fourth kind, situated partly in the dtman.

qITY qETEATIEY FFRA q@C |

To the east of those, two of the fourth kind turned towards the east.
These altogether form. one layer of two hundred bricks.

The rules for the second layer follow.

sTfaEamT 1 us fraraaifEae |

In the second layer place five bricks of the second kind in both wings
on the place of curvature.

II
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FUTATY AT ATHAATH IGAT: |

And bricks of the third kind stretching into the dtman with that part,
one side of which is an eighth purusha, are to be placed on the two lines in
which the wings are joined to the atman.

T IRT@IfCK WEATAT: I |

In the remaining part of each wing forty-five bricks of the first class
are to be placed, turned towards the east.

Twenty-five in the southern half of the southern wing, twenty in its
northern half ; twenty-five in the northern half of the northern wing, twenty
in its southern half.

=Y ITRI: 9 AR |

Five bricks of the seventh class are to be placed on the northern side
of the tail and five on its southern side. )

feRtm g ararTaTa: staay fearaaam |

At the side of the second (of the above mentioned bricks) on one side
(of the tail), and at the side of the fourth on the other side, one brick of the
seventh class is to be placed.

Y TR |

In the remaining part of the tail thirteen bricks of the eighth class are
to be placed.

ELCEEES e %rgwr Thow sq9r9!

In the fom corners of the 4tman place eight bricks of the fourth kind,
turned towards the south and the north.

T g fa¥wiatay wevgy war 96y |

In the remaining part of the dtman twenty bricks of the fourth kind,
thirty of the sixth and one of the fifth, are to be placed.

facfa Sgan auTe qTAEAET @ |

Two of the fourth kind are to be placed in the head, and to the east of
those four of the ninth kind,

Ty fawa: @ |

This gives again a layer of two hundred bricks.

FrATE feaaraEa: ser K eRig |

By turns the layers are to be constructed as many as we may wish to
make. -

The third layer is equal to the first, the fourth to the second, the fifth
again to the first, and so on.

Next I extract from the third patala of Baudhdyana’s S'ulva-sitra the
rules for the construction of the sararathachakrachit, the altar shaped like
a wheel with spokes. Vide Diagrams 13, 14, 15.



1875.] G. Thibaut— On the S'ulvasitras. 261

YRENAEHATTT FHTGTAE FICLATAAT |

With the fifteenth part of half a purusha square bricks are made ; they
are used for measuring (only for the measurement of the area of the sara-
rathachakrachit, not for the construction of the agni).

A square is made equal to half a square purusha and its fifteenth part
taken ; then bricks are made, equal to this fifteenth part,

arei ¥ wa wefa¥wfas swifagw gafas: gy |

Two hundred and twenty-five of these bricks constitute the sevenfold
agni together with aratni and prades’a.

The sevenfold agni with aratni and prades’a means, as mentioned above,
the agni the area of which is equal to seven and a half square purushas. As
fifteen of the bricks mentioned in the first stdtra make half a square
purusha, seven and a half purushas require two hundred and twenty-five.

ATEIRG EfEATAN A |

To these (two hundred and twenty-five bricks) sixty-four more are to
be added.

We get thereby altogether two hundred and eighty-nine bricks.

At Ig<E suta |

‘With these bricks a square is to be formed.

& SreReEdr qrIAry wafd |

The side of the square comprises sixteen bricks.

safawfafwa |

Thirty-three bricks still remain.

wifacga: g faaary !

These are to be placed on all sides round the borders (of the square;
¢. e., according to the commentary, on the north side and east side of the
square). .

Thereby all 289 bricks are arranged in a square, the side of which is
formed by seventeen bricks, It is strange that we are not directed to con-
struct the whole square at once, but are told to form at first a square out
of 256 bricks and then to place the remaining 33 bricks around it. I have
to propose only the following explanation. The commentator describing
the whole procedure tells us to form at first in the middle of the agnikshetra
a small square with four bricks, then to increase this square into a larger
one, of nine bricks, by adding five bricks, to increase this square in its turn
into a larger one of sixteen, and so on. While we place the additional bricks
by turns on the north and east side and on the south and west side of the
initial square of four bricks, the growing square loses and regains by turns
its situation right in the centre of the agnikshetra; it loses it when it is
increased for the first time, regains it when increased for the second tiwme,



